Fossil remains of reindeer (Rangifer tarandus) occurring outside their present range are an important indicator of formerly cold climatic conditions, but are easily confused with those of the red deer (Cervus elaphus). The locality of Kiputz IX has yielded one of the best-preserved Late Pleistocene reindeer populations of the southern Pyrenees, occurring in association with Bison priscus and the much more abundant Cervus elaphus. Fossil remains from this site are mostly complete and not affected by human intervention, thus creating the perfect conditions for reliable osteometric analyses. Here, we quantify diagnostic morphological features of the scapula and the humerus of Cervus elaphus and Rangifer tarandus to establish the potential of these bones to aid in interspecific discrimination. In the case of the scapula, the best species discriminator is the ratio of the minimum anteroposterior diameter of the scapular neck and the development of the articular process, while the breadth of the trochlea is the best discriminator in the case of the humerus.
Introduction
Faunal assemblages from archaeological sites are an important source of climatic and environmental data. In some cases, specific taxa can be used to interpret environmental and/or climatic changes. In Europe, reindeer remains (Rangifer tarandus) are often abundant in assemblages from the Late Pleistocene (Weinstock 2000b; Sommer and Nadachowski 2006 and references therein) , with the exception of the southern Pyrenees, where red deer (Cervus elaphus) are usually dominant (Altuna 1972 (Altuna , 1985 (Altuna , 1986 Altuna and Straus 1976; Castaños 1984; Mariezkurrena 1985, 2000; Altuna et al. 2002; Alvárez-Lao and García-García 2006) . While this scarcity may indicate that reindeer where genuinely rare, it could also be a result of the difficulty of telling apart cervid remains. Most southern Pyrenean sites are human settlements, thus making most faunal assemblages a result of hunting activity (Altuna 1992; Domingo et al. 2005-06; Costamagno and Fano 2006; Marín Arroyo et al. 2009; Straus 2009; González Morales and Straus 2009; Kuntz and Costamagno 2011) . Highly fragmented bones, the absence or scarcity of some skeletal elements (e.g., ribs and vertebrae), and an abundance of limb bones often characterize such anthropogenic assemblages (Binford 1978; Enloe 2003; Lam et al. 1998 Lam et al. , 2003 Stiner 2002; Yeshurun et al. 2007; Rendu 2010) , thus making it difficult to discriminate between taxa. Sexual dimorphism and the presence of differ-ent age classes, as well as post-depositional alteration (e.g., attrition) may pose additional problems (Lyman 1984 (Lyman , 1985 (Lyman , 1994 (Lyman , 2006 Lam et al. 2003) .
To address some of these issues, we performed a morphometric analysis of reindeer and red deer remains from the locality of Kiputz IX (Mutriku, Gipuzkoa), with the aim to identify osteometric criteria which could aid in their differentiation. In particular, our study focused on the humerus and scapula, owing to their relative abundance at the site. Cervid humeri, which owing to their robustness are commonly found as fossils, have been included in a variety of previous osteometric analyses (Lister 1996; Weinstock 2000a, b; Enloe 2003; Breda 2005; Lyman 2006; Liouville 2007; Puputti and Niskanen 2009; van Kolfschoten et al. 2011) . By contrast, scapulae are relatively rare, resulting in a lack of comparative data. The large number of preserved scapulae and humeri at Kiputz IX thus offers an opportunity to establish a set of diagnostic characters for the former, while at the same time allowing us to validate our results and compare them with previous studies based on the humerus.
Institutional abbreviations.-BGG, Basque Government official repository institution for the District of Guipuzkoa, San Sebastián, Spain.
Other abbreviations.-BT, breadth of the trochlea; Dd, anteroposterior depth; GLP, length of the glenoid process; LG, length of the glenoid cavity; SLC, diameter of the scapular neck (collum scapulae).
Geological setting
The locality of Kiputz IX (Mutriku, Gipuzkoa) is one of several, mostly Late Pleistocene, archaeological sites located in caves and rock shelters along the Cantabrian Cornice ( Fig. 1 ; . At Kiputz IX, the presence of a karstic cavity with a floor area of 6 m 2 has acted as a natural faunal trap (pit-fall) and now contains 4.2 m of sediment infill, divided into eight stratigraphic levels (levels A to H). The age of the sequence was established by radiocarbon dating of red deer bones (performed at Beta Analytic, Florida, USA), and falls into oxygen isotope stage 2 (OIS-2). The radiocarbon ages for level F range from 19870 ± 150 years BP to 18140 ± 90 years BP, and for level D from 15590 ± 50 years BP to 14360 ± 130 years BP (Fig. 2) . The site contains a well-preserved fossil bone assemblage, consisting of mostly complete material and hardly affected by post-depositional alteration, and with no signs of animal or human predation (Castaños et al. 2006) .
All bone remains were systematically retrieved and recorded, and are now housed at BGG. The highest density of fossil material occurred within levels D and F (Castaños et al. 2006 ; Fig. 2 (Castaños et al. 2006) . Bison priscus, Cervus elaphus, and Rangifer tarandus are the most common species (Table 1) , with red deer clearly (at least 27 individuals) dominating the site. Nevertheless, the locality also contains one of the best-preserved reindeer populations (2290 elements, equaling 16% of the total) of the southern Pyrenees (Altuna 1992; Sommer and Nadachowski 2006; Kuntz and Costamagno 2011) , representing at least 21 individuals (Table 2 ).
Material and methods
We started by visually comparing the humerus and scapula of Rangifer tarandus and Cervus elaphus to identify their most diagnostic features, following which the latter were quantified ( Fig. 3) and, where possible, compared to previously Humerus  27  17  1  1  1  12  12  12  Femur  28  14  2  1  2  9  9  9  Astragalus  42  21  9  7  9  13  12  13  Calcanum  27  14  5  4  5  9  10  10  Radius  30  15  2  2  2  7  7  7  Metacarpal  32  16  3  4  4  8  8  8  Metatarsal  21  11  2  2  2  8  8  8  Tibia  32  16  3  3  3  11  12  12  Cervus elaphus  Scapula  42  24  4  4  4  17  17  17  Humerus  27  16  7  6  7  19  19  19  Femur  31  16  2  3  3  13  13  13  Astragalus  44  22  10  10  10  33  33  33  Calcanum  19  10  3  2  3  12  12  12  Radius  53  27  6  7  7  25  25  25  Metacarpal  39  20  3  4  4  26  27  27  Metatarsal  34  17  6  4  6  26  25  26  Tibia  40  20  3  4  4  28 published data from the Western European Late Pleistocene (Weinstock 2000a; Liouville 2007) . Only well-preserved bones were chosen for measurement. Tooth wear stages indicate a predominance of adult reindeer, compared to a wider range of differently-aged red deer individuals. To minimize age effects, we restricted our analysis to humeri with fused distal epiphyses and scapulae with fused supraglenoid processes. While sexual dimorphism may also have an influence on body size, previous studies only reported slight gender differences in the size of the humerus and scapula (Weinstock 2000b; Enloe 2003; Mariezkurrieta and Altuna 1983) . In addition, analyses of coeval remains from other sites did not reveal any significant body-size variations in either taxon. Specimens from levels D and F were generally similar in size, and hence were analyzed together. In total, we measured 27 reindeer and 27 red deer humeri, and 22 reindeer and 42 red deer scapulae (Supplementary Online Material available at http://app.pan.pl/SOM/app59-Castanos_etal_SOM.pdf). All measurements (in mm) were taken following the criteria in Driesch (1976) . We used two different calipers depending on the size of the bone, resulting in an error margin of <0.25 mm for measurements over 20 mm, and <0.1 mm for measurements less than 20 mm. Finally, we compared our data for both species using student t-tests, carried out in SPSS® 19.
Results and discussion
Scapula.-We found the shape of the scapula (triangular or subtriangular) and the relative breadth of the supraspinous and infraspinous fossae to be of little diagnostic value, as they are rarely preserved. By contrast, the articular process is relatively robust and comprises several species-specific features. In lateral view, the anterior border of the scapula is clearly concave in Rangifer tarandus, but almost straight in Cervus elaphus (Fig. 4A 1 , B 1 ) . Similarly, the lateral profile of the supraglenoid tubercle and the outline of the glenoid cavity essentially form a right angle in R. tarandus (Fig.  4A 2 , B 2 ), but an obtuse angle in C. elaphus. The posterior border of the glenoid cavity is located at the same level as the posterior border of the scapula in R. tarandus, while being projected far posterior to the latter in C. elaphus (Fig.  4A 3 , B 3 ). The rim of the glenoid cavity varies from circular to ellipsoidal in both species, but the circular shape occurs more commonly in C. elaphus. Finally, the coracoid process is twisted medially (Fig. 4A 4 ) , and the supraglenoid tubercle is transversely broad and barely protrudes from the outline of the glenoid cavity in proximal view in R. tarandus (Fig. 4A 5 ) . By contrast, the coracoid process is less twisted, and the supraglenoid tubercle is transversely narrow and protrudes strongly in C. elaphus ( Fig. 4B 4 , B 5 ).
Based on these observations, we measured the greatest anteroposterior length of the glenoid cavity (LG), the greatest anteroposterior length of the glenoid process including the supraglenoid tubercle (GLP), and the minimum anteroposterior diameter of the scapular neck (collum scapulae) (SLC) (Fig. 3, Table 3 ; SOM: table S1). Of these three measurements, GLP best discriminates between Rangifer tarandus and Cervus elaphus ( Fig. 5 ; student t-test p < 0.001; Table 3 ). Within the respective populations, the bimodal distribution of the reindeer data might reflect sexual dimorphism, whereas the multimodal distribution of the red deer data might be the result either sexual dimorphism and/or intraspecific vari- LG, greatest anteroposterior length of the glenoid cavity; SLC, minimum diameter of the scapular neck. ation. Besides GLP, LG also performs well in discriminating the two species (p < 0.001), whereas SLC fails to do so at a statistically significant level (p = 0.234; Table 3 ). Different combinations of our three measurements provide additional diagnostic indices: (i) the ratio of LG to GLP (Index I1) is higher in Rangifer tarandus than in Cervus elaphus because of the greater protrusion of the supraglenoid tubercle in the latter; (ii) the ratio of SLC to GLP (Index I2) is also higher in R. tarandus, owing to its more massively built caudal border of the scapular neck and its smaller glenoid process; and (iii) the ratio of LG to SLC (Index I3) is higher in C. elaphus than in R. tarandus. While I1 reveals a statistically significant difference between the two species, their ranges of variation broadly overlap (R. tarandus: 76.3-84.8 mm; C. elaphus: 70.4-83.5) , possibly because the larger supraglenoid tubercle of C. elaphus is counteracted by its equally enlarged glenoid cavity (Fig. 4) . By contrast, I2 and I3 clearly distinguish the two taxa (Fig. 6, Table 3 ).
Humerus.-The main difference between the humeral diaphyses of Rangifer tarandus and Cervus elaphus consists of its slightly flattened shape in R. tarandus, which is barely measurable. However, several diagnostic traits are present in the epiphyses. The proximal epiphysis shows three significant features: (i) the greater tubercle protrudes only slightly above the head in R. tarandus, whereas it is more pronounced in C. elaphus (Fig. 7A 1 , B 1 ) ; (ii) the articular head is narrower in R. tarandus than in C. elaphus; and (iii) the deltoid crest, which extends from the lateral region of the base of the greater trochanter down to the dorsal half of the diaphysis, is nearly continuous in R. tarandus, whereas it forms a sharp corner in C. elaphus (Fig. 7A 2 , B 2 ) .
The narrowness of the reindeer humerus forms the basis of the interspecific differences expressed in the distal epiphysis. In anterior view, the radial (or coronoid) fossa consists of a single, long cavity in Rangifer tarandus (Fig.  8A 1 ) , whereas it comprises two pits and a small bridge in Cervus elaphus (Fig. 8B 1 ) . In distal view, the lateral epicondyle of R. tarandus is less developed than the medial epicondyle (Fig. 8A 2 ) , whereas they are of similar size in C. elaphus (Fig. 8B 2 ) . In posterior view, the olecranon fossa of R. tarandus is narrower (Fig. 8A 3 , B 3 ) and its medial epicondyle is transversely thicker than in C. elaphus (Fig.  8A 4 , B 4) . In addition, the medial and lateral epicondyles are almost parallel in R. tarandus, as opposed to being slightly curved or concave in C. elaphus (Fig. 8A 4 , B ventral view, the epicondyloid crest terminates 10-15 mm before the nutrient foramen in C. elaphus, but extends all the way to the foramen in R. tarandus.
In order to quantify these observations, we measured the breadth of the trochlea (BT) and the anteroposterior depth (Dd) of the distal epiphysis (SOM: table S1; see also Weinstock 2000a; Liouville 2007; Puputti and Niskanen 2009) , and compared our data to the 228 measurements of Rangifer tarandus reported by Weinstock (2000a) and the 111 measurements of Cervus elaphus of Liouville (2007) . For both measurements, the values for R. tarandus are generally smaller than those for C. elaphus (Fig. 9) . Although there is some overlap of the two species in terms of the depth of the distal epiphysis, they are clearly distinguished by the breadth of the trochlea. Within the reindeer population, the grouping of the data into two distinct clusters might be the result of sexual dimorphism.
Conclusions
Our results reveal the scapulae of Rangifer tarandus and Cervus elaphus to be highly diagnostic, and provide several morphological and osteometric features distinguishing these two species. In particular, we observed clear differences in the greatest anteroposterior length of the glenoid process and the greatest anteroposterior length of the glenoid cavity. In addition, we propose two additional diagnostic indices based on ratios of these two measurements and the minimum anteroposterior diameter of the scapular neck. Overall, our findings provide a novel way of distinguishing between the fossil remains of different cervids, based on scapular data. Although scapulae tend to be relatively rare in the fossil record, our results are applicable even in cases when only few and/or fragmentary remains are available. In terms of the humerus, we found the breadth of the trochlea to outperform the depth of the distal epiphysis as a useful species indicator. Fig. 9 . Scatterplot of the greatest breadth of the trochlea (BT) vs. the depth of the distal epiphysis (Dd) of the humerus of Rangifer tarandus and Cervus elaphus from Kiputz IX and other European sites.
